Quasi-realistic heterotic-string models in the free fermionic formulation typically contain an anomalous U (1), which gives rise to a Fayet-Iliopolous term that breaks supersymmetry at the one-loop level in string perturbation theory. Supersymmetry is restored by imposing F-and D-flatness on the vacuum. In [14] we presented a three generation free fermionic standard-like model which did not admit stringent F-and D-flat directions, and argued that the all the moduli in the model are fixed. The particular property of the model was the reduction of the untwisted Higgs spectrum by a combination of symmetric and asymmetric boundary conditions with respect to the internal fermions associated with the compactified dimensions. In this paper we extend the analysis of free fermionic models with reduced Higgs spectrum to the cases in which the SO(10) symmetry is left unbroken, or is reduced to the flipped SU (5) subgroup. We show that all the models that we study in this paper do admit stringent flat directions. The only examples of models that do not admit stringent flat directions remain the strandard-like models of ref. [14] .
Introduction
String theory provides a viable framework to probe the unification of gravity and the gauge interactions. Progress in this endeavor mandates the development of detailed phenomenological models as well as improved understanding of the mathematical structures that underly the theory. On the other hand the Standard Particle Model is compatible with all contemporary terrestrial and extra-terrestrial experimental data. Furthermore, the particle physics data is compatible with the hypothesis that the perturbative Standard Model remains unaltered up to the Planck scale, and that the particle spectrum is embedded in representations of a Grand Unified Theory (GUT). Most appealing in this context is SO(10) unification in which each Standard Model (SM) generation is embedded in a single spinorial 16 representation.
Heterotic string theory naturally produces models that preserve the grand unified embedding of the Standard Model states [1] . Among the most realistic string models [2, 3, 4, 5, 6, 7, 8, 9] constructed to date are the heterotic-string models in the free fermionic formulation, which are related to Z 2 ×Z 2 toroidal orbifold compactifications [10] . In these models the SO(10) GUT symmetry is broken directly at the string level, and include: the flipped SU (5) string models [2] ; the SM-like string models [3, 5, 7] ; the Pati-Salam string models [4, 9] ; and the Left-Right symmetric string models [8] (LRS). Generically, string vacua contain numerous fields beyond the SM states and these must be given sufficiently heavy mass. Heterotic string models necessarily also contain exotic fractionally charged states that are severely constrained by observations. These can be given mass on the order of the Planck scale by Standard Model singlet VEVs [7] , or may be entirely absent from the massless spectrum [9] . The free fermionic heterotic string models produced the first known string models in which the matter content of the effective low energy observable sector consists solely of the Minimal Supersymmetric Standard Model (MSSM) [7] . The issue of the supersymmetric moduli space and supersymmetry breaking remains one of the important open issues in string phenomenology.
The relation of free fermion models to Z 2 × Z 2 orbifolds mandates the production of three untwisted pairs of vectorial 10 representations, which decompose as [5 ⊕5] under SU (5) and as (3, 1) 1/3 + (1, 2) −1/2 ⊕ (3, 1) −1/3 + (1, 2) 1/2 under the Standard Model SU (3) C × SU (2) L × U (1) Y gauge group. This presents an excess beyond the two electroweak Higgs doublets that are required in the MSSM. In the PatiSalam and Standard-like string models either the color triplets or electroweak Higgs doublets from each pair may be projected from the massless spectrum by asymmetric/symmetric boundary conditions with respect to a given twisted plane [12] . Assignment of symmetric and asymmetric boundary conditions in two different basis vectors results in the projection of both color triplets and electroweak doublets and therefore reduces the spectrum without the need to give them heavy mass by singlet VEVs [13, 14] . In this manner entire 10 vectorial pairs can be projected. An additional consequence of the symmetric plus asymmetric assignment is that untwisted SO(10) singlet states are projected as well and the supersymmetric moduli space is constrained [13, 14] .
Standard-like string models that employ the symmetric plus asymmetric boundary condition assignment to reduce the light Higgs spectrum were constructed in refs. [13, 14] . The model constructed in ref. [13] did not admit flat directions that preserve the Standard Model (SM) gauge group. This gave rise to the possibility that the model does not admit supersymmetric flat directions at all. This would be a very interesting situation as it would indicate that supersymmetry is broken perturbatively in such models. In ref. [14] this question was examined further by analyzing the so-called stringent flat directions. It was demonstrated that there exists SM-like string models with reduced untwisted Higgs spectrum, which do not admit stringent flat directions to any order of non-renomalizable superpotential term. This outcome is in contrast to the case of all other quasi-realistic free fermionic models, which have been shown to admit such stringent flat directions.
The question therefore arises whether the absence of stringent flat directions (see Figure 1 ) in free fermion heterotic-string models with reduced Higgs spectrum is particular to the SM-like models, and whether similar results arise in cases in which the SO(10) subgroup is broken to an alternative subgroup. In this paper we examine this question by analyzing the D-and F -flat directions in four models. Three in which the SO(10) symmetry is broken to the the flipped SU (5) subgroup and one in which the SO(10) symmetry remains unbroken. We show that all of these cases admit stringent supersymmetric flat directions. Hence, SM-like models with reduced Higgs spectrum remain the only examples in which stringent flat directions have been shown not to exist.
Our paper is organized as follows: Section 2 contains a review of Free Fermionic Models construction using the NAHE set and additional boundary vectors to control gauge and SUSY breaking. In Section 3, we review the process of flat directions used with EFTs as pertaining to Free Fermionic strings. Here there is a further discussion on stringent F -flat directions. The string models in question are reviewed in Sections 4 and 5, where we list the boundary vectors pertaining to each model as well as summarize the flat directions. We conclude our discussion in Section 6 and make comment on the impact of our results on future studies of the Free Fermionic Heterotic Landscape.
Free Fermionic Models
In this section we briefly review the construction and structure of the free fermionic standard like models. The notation and further details of the construction of these models are given elsewhere [3, 5, 15, 7, 8, 13] . In the free fermionic formulation of the heterotic string in four dimensions [16] all the world-sheet degrees of freedom, required to cancel the conformal anomaly, are represented in terms of free fermions propagating on the string world-sheet. In the light-cone gauge the world-sheet field content consists of two transverse left-and right-moving spacetime coordinate bosons, X µ 1,2 andX µ 1,2 , and their left-moving fermionic superpartners, ψ µ 1,2 , and additional 62 purely internal Majorana-Weyl fermions, of which 18 are left-moving and 44 are right-moving. The models are constructed by specifying the phases produced by the world-sheet fermions when transported along the torus' non-contractible loops
Each model corresponds to a particular choice of fermion phases consistent with modular invariance and is generated by a set of basis vectors describing the transformation properties of the 64 world-sheet fermions. The physical spectrum is obtained by applying the generalized GSO projections. The GSO projection is administered through the following equations:
where α(f ) is the boundary vector defined by eq. 2.1 and is expanded in terms of basis vectors, V. For all 64 components of V i , N i is the smallest positive integer such that N i V i = 0 (mod 2). F is the fermion number operator and is equal to {0, ±1} for non-periodic fermions and {0, −1} for periodic. After construction of the string model, the low energy effective field theory is obtained by S-matrix elements between external states [17] . The boundary condition basis defining a typical realistic free fermionic heterotic string model is constructed in two stages. The first stage consists of the NAHE set, which is a set of five boundary condition basis vectors, {1, S, b 1 , b 2 , b 3 } [15] . The gauge group, after imposing the GSO projections induced by the NAHE set, is SO(10) × SO (6) 3 × E 8 , with N = 1 supersymmetry. The NAHE set divides the internal worldsheet fermions in the following way:φ The second stage of the basis construction consists of adding to the NAHE set three additional boundary condition basis vectors. These additional basis vectors reduce the number of generations to three chiral generations, one from each of the sectors b 1 , b 2 and b 3 , and simultaneously break the four dimensional gauge group.
The assignment of boundary conditions to {ψ 1,··· ,5 } breaks SO(10) to one of its subgroups. Similarly, the hidden E 8 symmetry is broken to one of its subgroups. The flavor SO (6) 3 symmetries in the NAHE-based models are always broken to flavor U (1) symmetries, as the breaking of these symmetries is correlated with the number of chiral generations. Three such U (1) j symmetries are always obtained in the NAHE based free fermionic models from the subgroup of the observable E 8 , which is orthogonal to SO(10). These are produced by the world-sheet currents η jηj * (j = 1, 2, 3), which are part of the Cartan sub-algebra of the observable E 8 . Additional unbroken U (1) symmetries, denoted typically by U (1) j (j = 4, 5, ...), arise by pairing two real fermions from the sets {ȳ 3,··· ,6 }, {ȳ 1,2 ,ω 5,6 } and {ω 1,··· ,4 }. The final observable gauge group depends on the number of such pairings. Alternatively, a left-moving real fermion from the sets {y 3,··· ,6 }, {y 1,2 , ω 5,6 } and {ω 1,··· ,4 } may be paired with its respective right-moving real fermion to form an Ising model operator, in which case the rank of the right-moving gauge group is reduced by one. The reduction of untwisted electroweak Higgs doublets crucially depends on the pairings of the left-and right-moving fermions from the set {y, ω|ȳ,ω} 1···6 . Subsequent to constructing the basis vectors and extracting the massless spectrum, the analysis of the free fermionic models proceeds by calculating the superpotential. The cubic and higher-order terms in the superpotential are obtained by evaluating the correlators
where
) are the fermionic (scalar) components of the vertex operators, using the rules given in [17] .
Flat Directions of Free Fermions
A common feature of many of the quasi-realistic free fermionic heterotic-string models is the existence of "anomalous" U (1)'s generated from compactification or from gauge group breaking [19] . If multiple U (1)'s are anomalous, the anomaly can always be rotation into a single U (1) A while the remaining orthogonal U (1)'s all become non-anomalous. This anomalous U (1) A is broken by the Green-SchwarzDine-Seiberg-Witten mechanism [20] in which a potentially large Fayet-Iliopoulos D-term ξ is generated by the VEV of the dilaton field. (For the class of free fermionic models under investigation ξ > 0.) Such a D-term would, in general, break supersymmetry, unless there is a directionφ = α i φ i in the scalar potential for which Q i A |α i | 2 is of opposite sign to ξ and that is D-flat with respect to all the nonanomalous gauge symmetries, as well as F -flat. If such a direction exists, it will acquire a VEV, canceling the Fayet-Iliopoulos ξ-term, restoring supersymmetry and stabilizing the vacuum.
The D-term is formally defined as:
where T α a is a generator and φ m is a representation of the group, G α while the Kterms contain fields Φ i like squarks, sleptons and Higgs bosons whose VEVs should vanish at this scale for good phenomenology. When the φ i are singlets of all the non-Abelian gauge groups in a model, the set of D-and F -flat constraints are then given by
where χ k are the fields which acquire VEVs of order √ ξ. The Φ i is the superfield formed from the spacetime scalar φ i and the chiral spin-1/2 fermion ψ m , while Q k A and Q k α denote the anomalous and non-anomalous charges and M Pl ≈ 2 × 10
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GeV denotes the reduced Planck mass. The solution (i.e. the choice of fields with non-vanishing VEVs) to the set of equations (3.2)-(3.4), though nontrivial, is not unique. Therefore in a typical model there exist a moduli space of solutions to the F -and D-flatness constraints, which are supersymmetric and degenerate in energy [21] . Much of the study of the superstring model phenomenology (as well as nonstring supersymmetric models [22] ) involves the analysis and classification of these flat directions. The methods for this analysis in string models have been systematized in [23, 24, 7, 25] .
In general it is assumed in the literature that in a given string model there should exist a supersymmetric solution to the F -and D-flatness constraints. The simpler type of solutions utilize only fields that are singlets of all the non-Abelian groups in a given model (type I solutions). More involved solutions (type II) that utilize non-Abelian fields have also been considered [25] , as well as inclusion of non-Abelian fields in systematic methods of analysis [25] . The general expectation that a given model admits a supersymmetric solution arises from analysis of supersymmetric point quantum field theories. In these cases it is known that if supersymmetry is preserved at the classical level, i.e. tree-level in perturbation theory, then there exist index theorems that forbid supersymmetry breaking at the perturbative quantum level [26] . Therefore in point quantum field theories supersymmetry breaking may only be induced by non-perturbative effects [27] .
The issue of supersymmetry breaking in the string models that were constructed in refs. [13, 14] merits further investigation. The aim of these models was to construct SM-like string models with reduced untwisted Higgs spectrum. This was achieved by utilizing asymmetric boundary conditions in a basis vector that does not break the SO(10) symmetry [13] . The consequence is that the entire vectorial 10 representation from the corresponding plane is projected out. The alternative is to utilize a combination of symmetric and asymmetric boundary conditions in basis vectors that break the SO(10) symmetry to the Pati-Salam gauge group [14] . An unforeseen consequence of the Higgs reduction mechanism of refs. [13, 14] was the simultaneous projection of untwisted SO(10) singlet fields. Consequently, the moduli space of supersymmetric flat solutions is vastly reduced. In ref. [13] it was concluded that the model under investigation there does not contain supersymmetric flat directions that do not break some of the SM symmetries. For a given set of flat D-term VEVs, an F -term will break supersymmetry if its expectation value is non-zero. The scale of supersymmetry breaking is a function of the number of fields in the lowest-order, non-zero component of an F -term. Specifically, the lower the number of fields, the higher the energy scale of SUSY breaking. For example, a surviving second order component of an F -term breaks SUSY at the string/Planck scale, whereas a 17 th order component breaks as needed around the 100 GeV to 1 TeV scale. This SUSY-breaking energy scale is decreased approximately 10 GeV per order increase of the non-zero F -term components.
In ref. [14] the issue of superymmetry breaking was investigated further. It was shown that the model studied in [14] does not have D-flat directions that can be proven to be F -flat to all order, other than through order-by-order analysis. That is, there do not appear to be any D-flat directions with stringent F -flatness (as defined in [7, 11, 28] ). The analysis of the flat directions included all the fields in the string model, i.e. SM singlet states as well as SM charged states. The model of ref. [14] therefore does not contain a D-flat direction that is also stringently F -flat to all order of non-renormalizable terms. The model may of course still admit non-stringent flat directions that rely on cancellations between superpotential terms. However, past experience suggests that non-stringent flat directions can only hold order by order, and are not maintained to all orders [29, 8] . This is a key difference between the string theory case, in which heavy string modes generate an infinite tower of terms, versus the field theory case in which heavy modes are not integrated out. It was therefore speculated that in this case supersymmetry is not exact, but is in general broken at some order.
The SM-like string models presented in refs [13, 14] contain three chiral generations, charged under the SM gauge group and with the canonical SO(10) embedding of the weak-hypercharge, one pair of untwisted electroweak Higgs doublets and a cubic level top-quark Yukawa coupling. These string models therefore share some of the phenomenological characteristics of the quasi-realistic free fermionic string models. It may therefore represent an example of a quasi-realistic string model, in which supersymmetry is broken due to the existence of the heavy string modes. The utilization of asymmetric boundary conditions in these models entails that the geometrical moduli in these models are projected out [30] . The Higgs reduction mechanism of refs. [13, 14] further reduces the supersymmetric moduli space, and possibly fixes it completely, while the hidden sector satifies the conditions for the dilaton race-track stabilization mechanism [37, 14] . It is noted that imposing more restrictive phenomenological constraints is correlated with further reduction of the moduli space. The question of interest is therefore whether the restriction of the supersymmetric moduli space is specific to the case of standard-like models. In the next section we investigate the Higgs reduction mechanism in a model with an unbroken SO(10) symmetry and in three flipped SU (5) models.
The String Models
In this section we present the SO(10) and flipped SU (5) string models that utilize the Higgs reduction mechanism of [13, 14] . We first review how the Higgs doublettriplet splitting mechanism operates in the free fermionic models. For concreteness we illustrate how the mechanism operates in the model of ref. [3] .
Higgs Doublet-Triplet Splitting
An example of a free fermionic SM-like model is given in Table 4 
The Higgs doublet-triplet splitting operates as follows [12] . The Neveu-Schwarz sector gives rise to three fields in the 10 representation of SO (10) . These contain the Higgs electroweak doublets and color triplets. Each of those is charged with respect to one of the horizontal U (1) symmetries U (1) 1,2,3 . Each one of these multiplets is associated, by the horizontal symmetries, with one of the twisted sectors, b 1 , b 2 and b 3 . The doublet-triplet splitting results from the boundary condition basis vectors which break the SO(10) symmetry to SO(6) × SO(4). We can define a quantity ∆ i in these basis vectors which measures the difference between the boundary conditions assigned to the internal fermions from the set {y, w|ȳ,ω} and which are periodic in the vector b i , (4) is α and, with respect to α, ∆ 1 = ∆ 2 = ∆ 3 = 1. Therefore, this model produces three pairs of electroweak Higgs doublets from the Neveu-Schwarz sector, h 1 ,h 1 h 2 ,h 2 and h 3 ,h 3 , and all the untwisted color triplets are projected out. Note also that the vector basis b 4 is symmetric with respect to the internal fermions that are periodic in the vectors b i , i = 1, 2, 3 and, therefore, does not project out the fields in the 10 representation of SO (10) .
Another possibility is to construct models in which both the Higgs color triplets and electroweak doublets from the Neveu-Schwarz sector are projected out by the GSO projections. This is a viable possibility as we can choose for example 
Both the basis vectors α and β break the SO(10) symmetry to SO(6) × SO(4) and the basis vector γ breaks it further to
The basis vector α is symmetric with respect to the sector b 1 and asymmetric with respect to the sectors b 2 and b 3 , whereas the basis vector β is symmetric with respect to b 2 and asymmetric with respect to b 1 and b 3 . As a consequence of these assignments and of the string doublet-triplet splitting mechanism discussed above, both the untwisted Higgs color triplets and electroweak doublets, with leading coupling to the matter states from the sectors b 1 and b 2 , are projected out by the generalized GSO projections. At the same time the untwisted color Higgs triplets that couple at leading order to the states from the sector b 3 are projected out, whereas the untwisted electroweak Higgs doublets remain in the massless spectrum. Due to the asymmetric boundary conditions in the sector γ with respect to the sector b 3 , the leading Yukawa coupling is that of the up-type quark from the sector b 3 to the untwisted electroweak Higgs doublet [6] . Hence, the leading Yukawa term is that of the top quark and only its mass is characterized by the electroweak VEV [6] . The lighter quarks and leptons couple to the light Higgs doublet through higher order non-renormalizable operators that become effective renormalizable operators by the VEVs that are used to cancel the anomalous U (1) A D-term equation [6] . The novelty in the construction of (4.3) is that the reduction of the untwisted Higgs spectrum is obtained by the choice of the boundary condition basis vectors in eq. (4.3), without resorting to analysis of supersymmetric flat directions, whereas in other models it is obtained by the choice of flat directions and analysis of the superpotential [18] .
However, the surprising result was that the model does not seem to admit a stringent supersymmetric solution [14] . This appeared to be a consequence of the reduction of untwisted singlet states (denoted by Φ i and φ i in that model and in all models presented here), simultaneous with the untwisted Higgs reduction, imposed by the asymmetric/symmetric boundary conditions. We next turn to examine this issue in models in which the SO(10) symmetry remains unbroken, or is broken to the flipped SU (5) subgroup.
An SO(10) Model
In the previous section we discussed the Higgs reduction mechanism of ref. [13, 14] . We noted that the reduction is achieved by utilizing symmetric and asymmetric boundary conditions in two separate basis vectors. However, the reduction can be obtained if we assign asymmetric boundary conditions in a basis vector that does not break the SO(10) symmetry. The model in Table 1 is an example of such a model. We note that in tables 1 and 2 vectors that do not break the SO(10) symmetry are denoted by b j with j ≥ 4. Basis vectors that break the SO(10) symmetry in the fliipped SU (5) models below will be denoted by Greek letters. The last vector in tables 1 and 2 is denoted as 2γ to adhere with the notation used in the quasi-realistic free fermionic models [10] .
The model defined by Tables 1 and 2 We note that the model in Tables 1 and 2 is not phenomenologically realistic as it does not contain the heavy Higgs representations needed to break the SO(10) symmetry to the SM gauge group. Our interest in this model here is to study the existence and characteristic of the (all-order) stringent flat directions. Namely, do they exist, and do they preserve the SM (within the SO(10)) gauge group? This question will be discussed in section 5. The states and gauge charges for this model can be found in Table 21 located in Appendix A.
Flipped SU (5) Models
Some potentially more realistic models are those with flipped SU (5) 
Flipped SU (5) Model 1
This flipped SU (5) model has additional boundary vectors given in Table 3 and a GSO projection matrix shown in Table 4 . The states and gauge charges for this model can be found in Table 22 located in Appendix A. This model is completely lacking in both untwisted and twisted Higgs. This flipped SU (5) model has additional boundary vectors given in Table 5 and a GSO projection matrix shown in Table 6 . The states and gauge charges for this model can be found in Table 23 This flipped SU (5) model has additional boundary vectors given in Table 7 and a GSO projection matrix shown in Table 8 . The states and gauge charges for this model can be found in Table 24 
Flat directions
Here we list the results of the flat direction analysis. These lists are by no means exhaustive but are presented just as a "proof of concept". The SO(10) model has D-flat directions found in Table 9 and all-order stringent F -flat directions in Table  10 . For this SO(10) model it was necessary only to investigate type I flat directions (those formed with fields that are singlets under both the observable and hidden sector gauge groups). This is, of course, the preferred option as it is both simpler and computationally less-expensive. The all-order stringent flat directions we found possessed only VEVs of singlets fields and since the SM model is completely contained within SO(10) that means that the SM remains unbroken here.
Similarly, those flat directions investigated in flipped SU (5) model #2, were also of type I. The D-flat directions for this model can be found in Table 15 and the F -flat table can be found in Table 16 . We note that the all-order stringent flat directions in Table 16 contain VEVs for one or more generations of anti-electrons. Thus the SM hypercharge is broken in this model. Interestingly, this model contains an exotic negatively-charged electron singlet forming a vector-pair with the corresponding antielectron (see Table 23 ).
Both flipped SU (5) models #1 and #3, however, lacked type I stringent flat directions and required an investigation of those fields which are charged under some non-Abelian gauge representation. For model #1, the failure to produce singlet Dflat directions that can solely cancel the Fayet-Iliopoulos term came as a result of all possible directions having an anomalous charge of zero (see Table 11 ). This condition requires the search for type II directions with negative anomalous charge. This search is a nonlinear process ( [14] , [31] ) and, for the purposes of our investigation, the use of stringency requirements offered a much quicker, and still fruitful, search. The net effect of stringent flatness is that: (1.) at least two fields (including a given field appearing twice) must not take on a VEV or (2.) self-cancellation between components of a non-abelian field must occur. Additionally for model #1, we found (as can be seen in Table 12 ) non-Abelian D-flat directions that were negative. However, these directions failed to yield F -flat directions by themselves; this necessitated the mixing of both singlet and non-Abelian D-flat directions in order to find all-order stringent F -flatness. These mixed D-flat directions can be seen in Table 13 .
The speed increase from stringent F -flat direction searches results from only needing to investigate a finite set of potentially dangerous superpotential terms which determine all-order flatness. The answer to whether or not these terms are dangerous (i.e. they actually exist) comes from the fact that these models are derived from string theory and, therefore, the gauge invariant terms need to also obey Ramon/NeveuSchwarz (RNS) worldsheet charge conservation. This then makes string-derived models more constrained than the usual QFT-derived ones. These all-order RNS rules can be found in [25] .
The D-and F -flat tables for flipped SU (5) model #1 can be found in Tables 11-14 . Here the SU (5) gauge group remains unbroken. However, hypercharge is most likely broken in this model since in flipped SU (5) there is a contribution to hypercharge from an external U (1) and all extra U (1) i appear to be carried by the singlet and/or non-Abelian states acquiring VEVs in the all-order stringent F-flat directions (see Tables 14 and 22 ). Additionally the hidden sector SU (4) is broken by theH i while the SO(10) hidden remains unbroken. For flipped SU (5) model #3, the D-and F -flat tables can be found in Tables 17-19 . We find here that SU (5) remains unbroken and it is unclear whether hypercharge is broken in the few all-order stringent flat directions calculated. As for the hidden sector, we see from Table 24 that the first and third SU (2)'s are broken while the remaining SU (2) 2 × SU (4) is left unbroken. Table 17 : Basis set of non-anomalous U(1) singlet D-flat directions for flipped SU (5) model #3. Since none of the anomalous charges for these directions is negative, non-Abelian directions were investigated. . . . continued from previous page . . . continued from previous page . . . continued from previous page 
Conclusions
In answer to the posits made in [14] , we have shown with this sampling of models that reduced Higgs do not correlate to a lack of stringent flat directions. Indeed, it is apparently possible to a find the whole spectrum of possible types of flatness results, some from singlets only, some from non-Abelian only and some from mixed, that also yield a reduced number of Higgs. A summary of each of the models' gauge groups, number of Higgs and number and type of all-order stringent flat directions is presented in Table 20 . As can be seen from these results, it is quite possible to find all-order stringent flat directions and still preserve symmetries that can break to the SM gauge group.
Models with flat directions that are all-order stringent flat (or stringent flat beyond 17th order) require an alternative SUSY breaking mechanism. One way to do this is through hidden sector condensates that form at higher energy above the electroweak scale, which requires hidden sector SU (n) or SO(2n) with n > 3. While SUSY is broken in the hidden sector at the condensation scale, it can be passed on to MSSM-charged states at the 100 GeV to 1 TeV scale through several alternative processes: gravitational, shadow charges, and gauge kinetic mixing. In each case, weak coupling between the hidden and observable sectors lowers the scale of SUSY breaking among MSSM charged states by (up to) many orders of magnitude.
The next step in the analysis for these models will concern shadow charges. Usually, the observable and hidden sectors are identified by their independent gauge groups, of which their respective matter states are representations. That is, observable fields do not carry hidden sector charge and vice-versa. However, there may be some extra U (1) charges, as seen in these models, resulting from the compactified six dimensions that are common to both sectors. These are known as shadow charges and can be carried by fields from both sectors. There may also be shadow states that carry only shadow charges. Thus, observable and hidden sector states may interact very weakly (at generally very high order) in the superpotential via shadow charge coupling. Hidden sector SUSY breaking from condensates pass to the observable sector through such interactions, but at very suppressed scales. Results concerning hidden sector condensates, their condensation scales and the shadow charge analysis of these and other models is forthcoming. 
